Introduction
Steroid molecules derived from progesterone with highly flat overall conform ation, have gained interest as aldosterone analogues which could give rise to compounds with antim ineralocorticoid activity [1] , Also mimicking mineralocorticoid ac tivity with functionally "simple" molecules may throw light into the mechanism o f action of the natural compounds and on the conform ational re quirements for binding to the m ineralocorticoid receptor without interference from the action of particular functional groups. Previous approaches to the problem have focused on 19-nor |2J and 11,12-dehydrosteroids [1] . These structures tend to adopt a more planar conform ation than the nor mal steroid nucleus because of diminished steric effects on the /?-face o f the molecule. However it should be expected that these molecules would be fairly flexible and may be deformed upon interac tion with the receptor molecule.
Our interest has been on the study of highly planar steroids with rigid conform ations. M olecu lar mechanics calculations using the MM 2 and M M P2 force fields [3] , indicated that this could be achieved by the introduction of an 11,19-oxido bridge. Hence 11,19-oxidoprogesterone (1) would be the simplest such structure containing the key groups that have been established as necessary for mineralocorticoid activity [4] , On the other hand, a 6,19-oxido bridge as that in 6,19-oxido-pregn-4-ene-3,l 1,20-trione (2), distorts the A ring o f the * R eprint requests to D r. G e ra rd o B urton.
Verlag der Zeitschrift für N aturforschung, D-7400 Tübingen 0932-0776/90/0500-0711/$ 01.00/0 progesterone molecule which may then adopt ei ther a 2//-sofa or the more stable (3.3 kcal/mol by molecular mechanics calculation) 1 /?-sofa confor mation. This renders a fairly planar structure for rings B -D, with the C-3 carbonyl pointing to wards the a-face.
Previous preparations of 11,19-oxidoprogesterone (1) had very poor yields [5, 6] or gave mixtures with the 5,6-ene isomer [7] , We now describe an improved preparation of this com pound and a de rivation that leads to 6 ,19-oxidopregn-4-ene-3,11,20-trione (2).
Results and Discussion
Commercially available pregn-4-ene-3,11,20-trione (3) was selected as the starting material for both target compounds. Its conversion to the 11,19-oxido-steroid (1) is depicted in Fig. 1 . The 3-enol acetate of 3 was reduced with sodium borohydride and acetylated to give the diacetate 4 [8] . As variable am ounts of reduction at the C-l 1 posi tion were observed, the crude acetylation product was oxidized with Jones reagent in order to regen erate the 11-ketone, obtaining 4 in almost quanti tative yield.
Functionalization of the 19 angular methyl was carried out by conversion of 4 to the 5a-brom o-\ .°l 6/?-hydroxy derivative (5) with N-bromoacetam ide/perchloric acid and treatment of the bromohydrin with mercuric oxide/iodine (CC14, hv) [9] to yield the 6,19-oxide (6) . Opening of the 6,19-oxido bridge of 6 was attem pted with several of the published procedures [10] ; finally we found that the use of activated zinc in aqueous acetic acid in the presence of a catalytic am ount of iodine gave the best yield of the hemiketal 7. 13C N M R of the latter com pound indicated that it was mainly in hemiketalic form (C -ll at 107.5 ppm) containing ca. 30% of the 19-hydroxy-11-ketosteroid (C-l 1 at 208.3 ppm) in contrast with a previous report that proposed the existence of the latter form exclusive ly [5, 6] . In a previous synthesis of a related com pound the author proposed that this type of hy droxy ketones may exist in open or cyclized form [ 11] .
The key step in the synthesis o f the 11,19-oxido bridge was the direct reduction of the 11,19-hemiketal (7) to the cyclic ether. This was accomplished by treatm ent of 7 with sodium cyanoborohydride in methanol at pH 2 -3 [12] , which afforded smoothly and in high yield the 11,19-oxido steroid (8) . The structure of 8 was confirmed by 13C and 'H N M R .
Saponification o f the acetate group at position 3 could be effected by treatm ent with methanolic so dium hydroxide at room tem perature, however the C-20 acetate required long reaction times and the overall yield was poor. After several attem pts, the acetate groups could be eliminated efficiently with lithium aluminum hydride (TH F, reflux) render ing diol 9. Oxidation with Jones reagent produced large am ounts of overoxidized products (mainly the 6-keto derivative) and so other oxidizing agents were considered. Pyridinium dichromate in dichlorom ethane, in the presence of activated m o lecular sieves powder (3Ä) produced the diketone 10. Finally, isomerization of the 5, 6 double bond to the 4, 5 position could be carried out in acidic medium in a two phase system (HC1, methanoldichlorom ethane-water, 25°) rendering 1 in a 30% overall yield from 3.
The reaction sequence followed for obtention of com pound 2 is presented in Fig. 2 starting from the com m on interm ediate 6. Although at first sight this appeared as a straightforw ard transform ation involving saponification of the acetate groups and oxidation, the 5-bromo-3,20-diketone formed, re quired a basic treatm ent to afford the desired 4-ene-3-ketosteroid (2) . Under these conditions, partial epimerization at C-17 was observed due to the presence of the 20-ketone, lowering the yield of the transform ation. Hence diacetate 6 was subject ed to a mild alkaline hydrolysis (NaOH, methanol, 15 min at 25°) to afford the 3-hydroxy com pound which was oxidized with Jones reagent to the 3-ketone 11. Treatm ent of the latter with sodium hydroxide as above but for 22 h, afforded 12, where both saponification of the C-20 acetate and dehydrohalogenation at positions 4, 5 had pro ceeded simultaneously. Finally oxidation with Jones reagent afforded 2 in 32% overall yield from 3.
A detailed study of the mineralocorticoid activi ty of the oxidosteroids 1 and 2 and other related com pounds will be published shortly.
Experimental
Melting points are uncorrected. 'H and 13C N M R spectra were determined at 100.1 and 25.2 M H z respectively in deuterochloroform in a Vari an X L -100-15 N M R spectrometer operating in the FT mode. Chemical shifts are expressed in ppm downfield from internal TMS. Mass spectra were measured by direct inlet in a Varian M AT CH 7 A mass spectrometer. Preparative high performance liquid chrom atography was performed on a Micromeritics liquid chromatograph, equipped with a refractive index detector, using a W hatm an partisil ODS-2 10// column (500* 10 mm) and m eth anol: water mixtures as eluent. All solvents used were o f reagent grade quality. Extractive workup included exhaustive extraction with the solvent in dicated, washing with water, drying with anhy drous sodium sulfate and evaporation o f the sol vent at reduced pressure and ca. 4 0 -6 0 °C. H om o geneity of all compounds was confirmed by TLC.
3ß,20ß-Diacetyloxypregn-5-en-l 1-one (4)
A solution of 11-ketoprogesterone (3) (2.04 g) in acetic anhydride (40 ml) and acetyl chloride (60 ml) was heated for 4 h at 7 0-75 C under a ni trogen atm osphere. Evaporation to dryness af forded the 3-enol acetate (2.3 g) which was dis solved in 95% ethanol (1.3 1) and cooled to 5 °C. A solution of sodium borohydride (4.7 g) in ethanol (83 ml) and water (35 ml) was added, the reaction mixture was stirred for 2 n at 5 C, ü e a l c d w i t h 5% aqueous sodium hydroxide (23 ml) and heated to the boiling point. The resulting solution was concentrated, diluted with water and extracted with dichlorom ethane. The product obtained after evaporation of the solvent was acetylated with acetic anhydride (15 ml) and pyridine (15 ml) for 24 h at room tem perature. To a stirred solution of 4 (2.56 g) in ether (26 ml) and tetrahydrofuran (10 ml) cooled to 10 °C was added 7.5% aqueous perchloric acid (3 ml) followed by N-brom oacetam ide (1.32 g) in 8 portions during a 25 min period at 10-15 C pro tected from light. After 30 min at room tem pera ture, 1% aqueous sodium thiosulfate was added and the mixture was poured over dichlorome thane: m ethanol (10:1). Extractive workup afford ed the 5a-bromo-6/?-hydroxy derivative (5) The crude brom ohydrin was dissolved in recent ly distilled carbon tetrachloride (254 ml) and red mercuric oxide (8.7 g) and iodine (12.8 g) added.
The reaction mixture was vigorously stirred while irradiating with a 300 w att tungsten lamp (5000 lu men) for 30 min at 25 °C. After filtration, the solu tion was diluted with dichloromethane, washed with aqueous sodium thiosulfate and evaporated to dryness yielding 6 (2. To a solution of 6 (1.4 g) in acetic acid (45 ml) and water (2.0 ml), was added activated zinc pow der (8.0 g) in small portions and a crystal of iodine. The reaction mixture was stirred for 5 h at 75 C, filtered and poured over 5% aqueous sodium bi carbonate. Extractive workup with ether :dichlorom ethane (4:1), rendered crude 7 (1.14 g) containing ca. 30% of 19-hydroxy-11-ketone; 'H NM R: 0.72 (s, 3H, El-18), 1 To a solution of compound 6 (1.022 g) in m eth anol (100 ml) was added dropwise 10% aqueous sodium hydroxide (11.8 ml) under a nitrogen at mosphere and the reaction mixture stirred for 15 min at 25 °C. Acidification with dilute HC1 and extractive workup afforded the 3-hydroxy deriva tive (784 mg) which was dissolved in acetone and treated at 0 °C with an excess of Jones reagent un til persistent orange color yielding the bromoketone 11 (688 mg). The latter product in methanol (200 ml) was treated with 10% aqueous sodium hydroxide (21 ml) as above for 22 h. After acidifi cation with dilute HC1 and extractive workup with dichlorom ethane the crude product (12, 436 mg) was oxidized with Jones reagent as above render ing after purification by flash chromatography triketo-oxide (2) (240 mg), m.p. 188-189 C (from MeOH) (lit. 190-191 C [6] ); UV / max (ethanol),
